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MEMORANDUM REPORT

for the
Bureau of Aeronautics, Navy Department
TESTS OF A 0,30-3CATLE SEMISPAN MODEL OF THE DOUGLAS XTB2D-1
ATRPLANE WING AND P'USELAGE COMBINATION IN THE
NACA 19-FOOT PRESSURE TUNNEL
I = TP'ULL-SPAN FLAP AND ATIR-BRALKE INVESTIGATION
By C. Dixon Ashworth, Stanley H. Spooner,

and Robert T, Russell

SUNMMARY

} Tests have been conducted in the NACA 19-foot
pressure tunnel of a 0,30-scale semispan model of the
XTB2D-1 alrplane wing and fuselage combination. The
nurpose of the full-span flap and air-~brake investigation
was to determine the optimum position of the double-
slotted flap, the characteristics of the full-span flaps
at varicus deflections in their fully extended position,
the effectliveness of deflecting the full-span flaps to
small positive angles as a camber changing feature, the
stalling characteristics of the wing, snd the elfectiveness
of the flap as a brake when deflected to negative angles.

The data indicate that on the airplane any one flap
parameter could be moved 3/16 inch from its optimum
position and not appreciably affect the value of the
maximum 1ift coefficient. A loss of flap effectiveness
was encountered between 30° and 550 flap deflection due
to a stall condition on the flap for nearly every con-
flguration tested. The effective camber changing feature
produced no drag reduction except above a 1ift coefficient
of approximately 1.1l. The stalling characteristics of
the wing were, in general, satisfactory. For braking in
a dive, decelerating, and evasive maneuvering, the brakes
nroduced a drag coefficient Increment of 0.077 at a
deflection of -5l,° which appeared satisfactory from some
preliminary calculations.
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INTRODUCTI ON

The XT32D-1 airplane is a proposed single~engine
corpedo homber designed by the Douglas Alrcraft
Corporatlon to operaLe from aircvaft carriers and capable
of carrying a large disposable load. Design inlormation
for this aimlane has veen »Hreviouzly ouniained on a
relatively srall scale 10del of tlie air~lane in the
Guggenheim Acronautical Laboratory, Ccalifcrnia TInstitute
of Technolozy, and on a simnlified mnodel of the XA-26 air-
nlane ‘1 the NACA 19-feoot mressure tuunel, In orcder to
ovtain addivional information at large values of Tieyrolds
nurber, a 0,%2-scale acmlspan mnodel ol the XTe2D~1 air-
rlane wes terted in tho FACA 19-To0ot »Hrsgsure btunnel.

To adapt the tunnsl for the semispan rmodel a large
nl ylate was ilastalled to serwe as a relflection »Hlane to
neintain the 1irt distribution at the root section.

The wmodel was equinped vith a full-span, double-
slotted iIlap arrangement. Thae inboard section ol the
full-gsnan Tlap (the flap) was desi_ned to act either
as a hich 1i7t device or as an air bLrae. The oubtooard
ssction {tne roll flap) was designed to provide additional
1ift and to serve as a lateral- control device.

The cata fron cle tests are presenited in two
senorate revorts. This renort (wart I) nresaznts the
results of tests »ede to deterrine the optimum position
oL L”e flan, the effectiveness 01 the Tlen and roll flawn
as :131 1ift devices, the stalling clharactericstics ol the
model, tho ajl—ora”e charact CflStLCS, the flan and roll-
Tlen hinge mo ents and loacds, and the effectiveness of a
camoer chanzing feature. Part II (relerence 1) nresents

the roll- ilqa rositioning tests and tae lateral conlrol
characteristics.,

COEBFFICIENTS AFD STMCOLS

The cosefficients and sym>ols used herein are delined
as follows:
Cr, 117t coefficient (L/qS)

Cp dras coefficient (D/qS)
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pitching-moment coefficient (M/qSc)

flap hinge-moment coefficient (He/qSecye)

flap normal-force coefficient (Ng/qSp)

flap chord-force coefficient (Cp/qSe)
roll-flap hinge-moment coefficient (Ha/qbgTy°)
roll-flap normal-force coefflicient (Na/qsa)

roll-rlap chord-force coefficient (Cg/qS,)

1lift

drag

plteching moment about.0.25 mean serodynamic chord
flap hinge moment about 0.30 flap chord

flap normal force

flap choréd force

roll-flap hinge moment about 0.26 roll-flap chord
roll=-flap normal force

roll-flap chord force

dynamic pressure of free stream (%pve)

semispan wing area (27.2l. square feet)

mean serodynamic chord (2,696 feet)

flap area (3.2L3 square feet)

total flap chord (O0.74l foot)

product of roll-flap span and square of root-

mean-square chord of roll flap aft of hinge
axis (0.832 footd)




and

roll-flap area (2.65l feet>)
alrspeed

mass dansity of air

corrected angle of attack of wing reference line
flap deflection, degrees

roil«flap deflection, degrecs

flap vane angle, degrees

roll-flap vane angle, degrees

flap cut-off angle, degrees

roll-flap cut-off angle, degrees

extension of flap, percent of maximur flap
extension

extension of roll flap, vercent of maximum roll-
flap extension

wing chord at any spanwise station (25.7 inches
from wing roct to wing fold line; 3.3 inches
at inboard end ol roll flap; 18.6 inches at
outvoard end of reoll flap)

radial Adistance from wing lip to vane

distarnce from wing 1lip bto leading edge of vane
paraliel to wing reference line

radial distance from vane tralling edge to flap

distance 1rom vane trailing edge to leading edge
of flap parallel to wing reference line

Reynolds number (pVe/p)

Mach number (V/Vg)

coefficient of viscosity

sonic velocity



APPARATUS AND TESTS

The 0.30-scale semispan model of the XTB2D-1 airplane
wing and fuselage comblination, constructed by the Douglas
Aircraft Corporation, is shown in figure 1. The arrange-
ment of the end plate furnished by the NACA and the
location of the model with respect to the tunnel is shown
in figures 2 and 3.

Figure 1 shows that the wing, which was bullt
eround modified NACA low-drag sections, has rectangular
center sections and the outer pansls are tapered 2:1,
The leading edge of the wing 1s straight and there is
12° geometric dihedral in the outer panels. The model
fuselage did not exactly conform to the shape of the
prototype but was similar in size to a scaled model of
the airplane fuselage.

The wing and flaps wers constructed of mahogany
reinforced with steel; whersas, the vanes were made of
solid steel. The surfaces were kept asrodynamicallyw
smooth by filling surface discontinuities with crack
filler and glazing putty and finishing with carborundum
pavner,

The end vnlate was constructed of a basic ste=sl
framework to which was fastened E-inch plywood. The

gav between the fuselage and the end plate was held
at approximately 3/8 inch.

Figure |l shows the following items that were
attached to the model for various tests: vane-bracket
covers, wing-fuselage fillet, partial end-plate seal,
and a flap wedge which either moved with the flap or

wasg held in a retracted position.

Figures 5 and 6 show the inner and outer sectlons
of the 25-percent chord, full-span, double-slotted flap.
Also included in these figures are the small end large
chord flap and roll-flap vanes which were supplied with
the model.

Pigures 7 and 8 show the various attitudes of the
Douglas "all~purpose full-span flaps" which were tested
on the semispan model. For take-off, landing, maneuvering,
and attitude control, the flap and roll flap operate in




their fully extended position; the deflection of the flan
ma7 be anywhere between 7Y and 55° and the neutral
derlection of the roll flap (from which it operates as

a lateral-contrel device) is between 7° and 30°, The fla
and roll flap deflect together from 7° to 300, At 3%0°
the roll flap has reached its maximum deflection as a
high 1ift device; whereas, the flap may continue to a
deflection of 55+, The existing design is such that the
deflection of the flar and roll flap shall be dickhated
by the hinge moments acting on the surface,

In order to nrovide for braking in a dive, decel-
erating, and evasive maneuvering, the flap may be
deflectesd to negative angles in its fully extended
position, PFor this fla» configuration the roll flap
mayv be either in its retractzd or extended position,

In an attempt to extend the low profile-drag
range by increasing thz wing cambsr, the full-span
flaps could be deflectad to 100 in their retracted
rosition,

To obtain the optimum position of the flap, stuliles
were made with the flap deflected 55C in its fully
extended position. The six parameters, which were
independently varied in obtaining the best liv-vane-
flan location, are shown in figure 9,

The characterlistics of the {laps were investigsated
for the following thres conditions:

1. Deflection of the flap and roll flap to positive
angles for the landing and take-off attitude

2. Deflection of the flav to nogatlve angles for
the sir-brake condition

Deflection of the {lap and roll flap to positive
S P p D
angles, in theilr retracted position, to obtain
effective camber change.

To facilitate further discussion a "standard-model
configuration" is set up which consists of the following
component marts:

Wing and fuselage

1.
2e Sall chord vanes
3.

Flap wedge meving with flap



o,

I s L, e

T ™

¥
M|
.
|
}
i
i

7

The model was altered from the standard configuration

- during the investigation by

1. A partial end-plate seal which extended around

the front portion of the fuselage from the
leadling edge of the wing on the top of the
fuselage to the trailing edge of the wing
onn the bottom of the fuselage

2. A complete end-plate seal which was similar to
the partial seal but extended aft of the wing
on both the top and bottom of the fuselage

3. Large chord vanes

l.. Flap wedge held in a retracted position
5. Wing=-fuselage fillet

6. Vane-bracket covers

T A spoiler on the leading edge of the flap

Stall studies of the complete semispan model were
made with the flaps retracted and fully extended. These
studies were recorded by visual observation, still
plctures, and moving pictures of tufts located at
approximately 20, 30, L0, 50, 60, 70, 80, and 90 percent
of the wing chord and spaced about every 2 inches spanwise.

The majority of the tests were made at a Reynolds
number and Mach number of approximately 5,200,000
and 0,12, respectively. All tests were made through a
suitable angle-of-attack range with the air in the tunnel

compressed to approximately 25 atmospheres. These tests
are outlined in detail in table I,

The aerodynamic forces and moments were measured
by means of a six-component simultaneocus recording
balance system. The flap 'and roli-~flap forces and
moments were measured by electrical resistance-type
strain gages.

REDUCTION OF DATA

A1l results were reduced to standard nondimensional
coefficients converted so that the coefficients apply to
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the complete wing. The »nitching moment applies to a
center-of-gravity location in the plane of symmetry at
25 percent of the mean aerodynamic chord and is referred
to the wind axis,.

o corrections were made bLo the data for the
effects of drag and interference of the model support
system, Therefore, tlie values of 1ift, drag, and
pitching=moment ccefficients include the amount caused
by such effects. However, the increments in these
coefficients dus to [flap deflection may be taken to be
correct, neglecting the small increuents in the tare
values dus to the flap deflections,

Corrections were made to the drag coefficients to
account for Jet-boundary effects., The corrections made
to the angle of attack were air-flow misalinement and
jet boundary (including streamline curvature). No
corrections were arpllied to the 1ift coefficient, the
piltching-moment ccefficient, and the flap or roll-flap
hinge moment or force coefflclents,

The magnitude and sign of thie complete corrections
to the gross data are given in the following equations:

— ~ 2
CD - CDSI‘OSS + 0.0laOEUL

a = a tunnel + O.?BSGL + 0,3°

RESULTS AND DISCUSSION

Full-Span Flap Positioning

Blap positioning.- The 1lift and pitching-moment
characteristics of the model, obtained by varving each
Flap pavemeter (fig. 9) independently, are shown in
figure 10, Fer this investigation the flap was deflected
550 and the roll flap 30°. It 1s appreciated that the
method of positioning the flap and vane, whereby the
parameters are varied only once, might not give the
ontimum arrangement; but due to time limitations, the
method used was consildered sufficiently accurate.

In figure 11 the maximum 1ift coefficient is
nlotted against each of the parameters, It is indicated



that the maximum 1ift coefficlent does not decrease more
than 0,01 from the optimum value 1if the parameters remsin
within the following ranges: ‘

81 0.01l2cy ° to 0.023cy
19 0.01llicyy to 0.01l7cy
8o 0.012c,, to 0.017cy
1, 0.033¢c, %o 0,938cy
Bve 29° to 39°

where cy = 55.7 inches, The cut-off angle 5cf does
not apnmear criltical but, as the curve 1s based on only
two points, it is best to limit Llhe optimum position to
a single angle, 38°. /

The data indicate that any one flap parameter on
the alrplane could be changed at least 3/16 inch from
its optimum position and not decrease the valve of the
maximuwa 1if6 coefficient by more than 0,01,

Effect of roll-flap positioning.- The results of
positToning the roll flap for highest 1lift ccefficient
compatible with optimum rolling effectiveness are
presented in reference 1. These positioning tests
were made with the roll flap deflected 30° in its
fully extended position. Figure 12 shows a comparison
of the aerodynamic characteristics of the model for the
roll flap located in its predetermined and optimum
positions, In both cases the flap was deflected 55°
and the flap parameters were located in their optimum
position, The results show that the maximum 1ift
coefficient was only slightly increased and the drag
coefficient was slightly decreased when the roll flap
was changed from its predetermined setting to the
optimum setting arrived at from this investigation.

Effacts of Miscellaneous Ttems

Scale effect.~ The effect of change of Reynolds
and Mach number on the 1lift, drag, and pitching-moment
characteristics or the model with the flap and roll flap
deflected 55° and 30°, respectively, ig shown in fig-
ure 1%, It may be seen that there was practically no
scale effect over the range tested.
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Effect of vane-bracket covers,- Covers (fig. L)
were installed owver the vane pbrackets for the flap
positioning runs. The effect of these covers is shown
in figure 1l.. Tt is indicated that their only imporcant
effect was to imprcve the 1iTt characteristics
near Crg .

‘max

Effect of wing-fnselage fillet,~ In an attempt to
improve the 111G characteristics of the wing, fillet
(fig. lL) was iastalled at the wing-fuselage juncture.
The efif'ect of the filiet on the aserodynamiec charac-
teristics of the wmodel 1s ovresented in figure 15. The
fillet increased the angle of stall 2.5° and Clmax

by 0,05, It also slightly jucreased the drag throughout
the 1ift range.

Effect of end-plate seal,.,- The effect of a partial

and cowplete end-plate seal with the full-span flaps in
their fully extended position and a complete end-plate
seal with the flaps retracted 1s shown in figures 16(a),
16(b), and 1é(c). With the flaps extended either seal
increased the maximum 1ift coefficient by approxi-
mately O.,1. In the flaps-retracted condition, the
addition of tlke seal did not appreciably affect the

1ift characteristics.

No zerodynamic characteristics except the 1lift
coefficient are onresented wlhen the seal was installed
because of excessive friction between the rubber seal
and the end plata.

Full-Span Flap Investigation

Presentation of data.~- The results of the flap
investigation are presented hercin for varicus positions
of the full-span flaps during tih: ext-nsion cycls
(figs. 7 and 5) for the following modcl conditions:

1, Standard mecdel conficsuration (figs. 17 and 18)

2. Standard model configuration with a complete
end-plate seal and wing~fucclage fillet
(fig. 19)

%2. Standard model configuratior with a complete
end-unliate teal and flap sroiler (fig. 20)
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h Standard model conllguratlon with a complete
end~-plate seal, flap spoiller, and large chord
vanes (fig. 21)

The aerodynamic characteristics of the wing, flap
and roll flap are presented for the following full-span
flap positions with the model in its standard con-
figurations

Ep and Eg éf Oq
(percent) (deg) (deg)

0 0 0

20 0 0

50 0 0

70 7 0

100 7 7

100 10 10

100 15 15

100 20 20

100 25 2

100 ?O . 50

100 10 30

100 50 30

100 55 30

Less complete data are presented for the other
three model condlitions. It was believed that no
extensive program should be carried out when the end-
rlate seal was installed because of the excesslve
friction between the seal and the end plate.

It will be noted that in conditions 3 and L the
standard model configuration was altered by the addition
of a flap spoiler (fig. 5). The spoiler was found
advantageous during the dive-brake investigation;
consequently, the effect of the sp01ler was checked
during the full-span flap investigation.

Maximum 1ift coefficient.~ The following table
lists the value of tne maximum 1ift coefficient for the
four different model conditions (8 = 550, 5 = 300):
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1z
Variation from Maximum 1ift
Condition standard model coefficient
conriguration (CLma")
1 . ] mmmemmmmeemmme oo o ———————— 2.81
2 Complete end-plate seal and 2.90

wing-fuselage 1illet

3 Complete end-nlate seal and 2.85
Flap spoiler

1. Complste end-plate seal, 2.95
flap spoiler, and large
chord vanes

Thus, it is sesn that when the end-plate seal or
the lerge chord vane were irstalled, an increase in
maximum 1i7t coerficient 1s obtained; whereas, the
flap spoller decreases the maximum 1ift coefficlent.

rom the pitching-moment data cresented in fig-
ure 18(c¢), it is estimated that trimming the airplane
will decrease thess maximum 1ift coefficients anproxi-
natelws 0.1h.

Flap effectiveness.~- The variation of the 1lift
coefficlent witn full-span flap deflection at « = 0°
for the four model conditions 1is shown In figure 22.
Tt is apparent tliat bthere is a loss in flap effectiveness
vetween 30° and 55° rlap deflection for all model
conditions, except wien the model was equipped with
large-chord vanes, It was indicated Irom some
unpublished studies of the flap stalling characteristics
that the loss in flapn elffectiveness might be caused by
the flap partially stalling.

Effect of spoliler.- Flgure 23 shows tuat the
effect Of the flap spoiler on the aerodynamic charac-
teristics of the wing, with the flaps in thelr high 1ift
attitude, was to decrcase the 1lift throughout the
angle-of-attack range. Tals decrease in 1ift was
accompanied by a Gecrease in the magnitude of the
pitching morent. The addition cof the spoiler also
decreased the magnitude of the flap normal force and
chord force but slightly increased the magnitude of
the flap hinge moment.




LSS

13

Effect of flap wedge.,- The effect of the flap
wedge iIn 1ts rstracited and extended position with the
flap and roll flap deflected 55° and %0°, respectively,
in their fully extended position is shown in figure 2i.
An increase in drag, with the flsp wedge cxtended and
at 559, was the only marked effect that occurred.

kffective camber changing feature.- The aerodynamic
characteristics of the wing, rlap, and roll flap are
presented in figure 25 for the cases where the full-span
flaps were deflected to approximately 0°, 5°, and 10° in
their retracted position. It was desired that the small
flap deflections would eflectlively increase the wing
camber and thus reduce the drag at the 1lift coefficient
for best climb, ceiling, and range. It is shown that no
drag reduction was obtained except above a 1ift coeffi-~
clent of approximately 1.1.

Stalling characteristics.~ The stalling charac-
teristics for the conditions of [lap neutral and full-
span flaps deflected are presented in figure 26. In
zeneral, the stalling characteristics of the semispan
model may be adjudged satisfactorily, The stall starts
near the wing-fuselage juncture at the trailing edge
and spregds Torward and ocutboard on the inner panel
of the wing., Over the range tested, the roll flap
siowed no indication of stalling. With the full-span
flaps deflected, a portion of Lhe flan remains stalled
until the wing starts to stall. This accounts for the
hhook in the 1lift curve close to the stall,

These stalling characteristics were obtained by
observing wool tufts attached to the model. The
presence of the tufts had a detrimental effect on the
1ift coefficient, It is believed, however, that the
stall vnrogression noted with tufts on is indicative of
the 8tall which would occur when there were no tufts
attached to the wing.

Alr-Brake Investigation

The specifications, for the brakes on the XTR2D-1 air-
plane, supplied by thes Douglas Alrcraft Corporation,
state that the brakes shall 1imilt the speed to 425 miles
ner hour indicated airspeed in a 50° dive. Reference 2
indicates that a torpedo bomber should lose speed as
rapidly as possible until a speed of approximately
165 miles per hour is reached during a torpedo attack.
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Other airpliene characteristiics causaed by the application
of the air brake which require consideration are (1) that
altitbude and trim changes shall be small and (2) the
hinge-moment characteristics shall tend to keep the
brakeo in a closed position and prozgressively increase
the force necesasary to open the brakes, From the
gtructvral standpoint of the airplane 1t was desired
that the air-brale cycle produce (1) no decrease in
1ift at a particular ungle of attack or increase in
angle of atteck at a particular 1ift coefficlent in
orcer tc insure that the aerodynemic loads do not
shift from ths inrer fto the outer wing pancl, (2) no
increase in the magnltude »f the pitchiing moment to
prevent the down loads con the horizontael tail from
becoming excessive, and (3) flow sevnaration on the
lower gsurface of the flap to reduce the magnitude of the
ads on the flap.

The characteriztics of the wing and the air brake
for several flap deflections at various points in the
hrake extension cwecle (fig. T7) are presented in fig-
ures 27 throvgh 55. Results are shown for two csses:
(a) normal flap configuration and (b) flap eguipped
with a spoiler.

A comparison of these two casesg, in the fully
extended position of the brake, showed that the addition
or ths 'hoiler reduced the normal forces scting on the
£lap bv cavsing the flow over the lower surface of the
Llap Go sej.rate. The effect of Reynolds rwmber on the
charazserictiecs of ths air brake, defluocted =15° in its
Iullv cxtenuod wogition with ths lead ! ig-e¢cje s=noller
o f, 13 shoin in Tigures 30(a) and 301¢). Thesa rea aul
indicated the de 5vrabL!1ty of ottaining all further da
relative to the air brakes for thic airplane at the
highest possible Reyno2lds number and with the spoiler
attached to the flap.

ts
Ta

Tor the condilion of zero 1ift coefficient, the

variation of incroment of p“tch;1g~mr%ent coeffinient,
drag coefficient, and Jngln of attaciz with flap ﬁefl::t¢on
dulirg the brake cycle is shown in figure 6. With the
spoiler on the Tiap the dfa coefficient is incrsased 0.077
at a Tlap deflection of -5.°, If the flap follmws iss
design path (il . 36) to a deflention of -%/.°, there is

a maximum chang “of 2% in the a- le of atiack and 0.0563%

in the pltnthg moment coefficient.
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Figure 36 also shows that at-11.5° flap deflsection
there is a nemative -pitching-moment coefficisent change
which furtber increases the down load on the tail and
that sbove a flap deflection ol approximately -11.5°
there 1s a positive change in the angle of attack which
wouid indicate that the aerodynamic loads are shifting
to the ouber wing panel. DBoth of these changes are
structurally dlsedvantageous and the design path of the
flap may have to be altered.

The hinge-moment characteristics shown in fig-
ure 35(b) indicate that the brales would tend to remain
closed in the high-speed condition and that if there was
no appreciable change in the attitude of the airplane
during the brake cycle a progressively increasing forcse
i3 necessary %o open the bralkes,

The eff=act of the large chord=-flap vane on the
charactaristics of the wing and flap when the flap is
in its fully extended air-trakes attitude is presented
in figure 37. The information availasble is Insufficient
to nredict what effect the large chord wvanes would have
on the complete dive-brake characteristics but it is
apparent that they would increase the drag increment.

Freliminary calculatiocns have been made of the
effectiveness of the brake for application to the
YTB2D-1 airplans., Two conditions have been analyzed:
(1) the level approach to a target at sea level and
(2) a 500 dive approach from various altitudes up to
20,000 fecet., The first condition was analyzed by methods
described in reference 3 and for the second condition
reference lp was utilized. The results of these calcula-
tions and the assumnptions made for the calculations ars
presented with the following tables:

LEVEL APPROACH AT SEA LEVEL

Wing loading, pounds per square fOObL sueieeeeeeceenon.. 36
Initial velocity, miles DPer NOUP seocoscscsasescensse 200
Brake drag Increment ......icesssvcacsssscnsanvees G077




Assume throtile setting remains constant

Mime aiter i Distancs -
applyin * Velocit
brgﬁeg traveled (mph) d
(sec) N (vd)
0 0 300
3 £90 270
10 1320 2L5
15 1o7 225
20 2115 205
25 23¢9 190
50 53040 175
55 3770 165

These calculations indicate that with the brikes
set at -5L° it would talte 35 seconds to decrease the
soeed or the airplane from 300 to 1€5 miles per hour.
Tn this time Llntervel the airplane would have traveled
2 miles,

50° DIVE APPROACH

Wing loading, pounds per square fOObL eeeeieerveveeocesss 36
Initial velocity, miles per NOUTY woccoecnceecss s 200

Brake drag Increment ......eceesnsoconssasssssaass 0.077
Assured alrplane Arog .s..ecicecsssscososoecesas eeees 0,035
Drag available for bralting ...coesoessescacsssasss O.LL2

It was assumed that the variation of alrplane profile
drag with Mach number for the YTB2D-1 airplane was the
same a8 alirplane B of reference 3.

Height, h, at which True velocity at
dive is started h =20
(£t) (mph )
8000 375
12,000 1100
16,000 115
20000 25
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These results indicate that in a 50° dive started
at 20,000 feet with ths brakes deflected -5° the speed
o7 the airplane would not exceed /125 miles per hour at
sea level,

CONCLUSTONS

This investigation of the characteristics of the
full-span flap and air brake on the 0,30-scale semispan
model of the XTB2D-1 alrplane wing and fusslage com=-
bination indicate that:

l. On the airplane any onc [lap parameter could be
moved at least 3/16 inch from its optimum setting and
not decrease Cr, . Dby more than 0.0L.

2. A maximum 1ift coefficient of 2.95 was obtalned
when the model was equipped with a complete end-plate
seal, flap spoiler, and lsrge chord vanes, CLm was

max

decreased 0.10 when the small chord vanes were installed,
It is estimated that trimming the airplane will cause an
additional decrease in CLmax of approximately 0.1l.

3. Mearlv every model confliguration showed a loss
of flap effectiveness between 300 and 55°© dus to a stall
condition on the [llap.

lLs The effective camber changing feature produced
no drag reduction except above a 1ift coefflcient of
anproximately 1.1.

5. The stalling characteristics of the model appear
to be satisfactory either with the flaps retracted or

with the flaps fully extended.

6. For braking in a dive, decelesrating,and evasive
maneuvering, the brakes produced a drag coefricient
increment of 0.077 at -50.° Flap deflection. During the
brake cycle from fullyretracted to ~5.° deflection, a
maximum change of 29 angle of attack and 0.063 change
in pitching-moment coefficient was encountered.

Estimates of the airplane performance with the brakes
daflected =5l10 indicate that, in a 50° dive started at
200 miles per hour at 20,000 feet, the indicated airspeod
will not exceed lj25 miles per hour; it is also indicated



that, at sea-level altitude, the time required to
decrsase the spesd of the airplaue from 300 to 165 miles
rer hour would be 35 seconds., During this time interval,
trhe alrplane would have traveled 2 milcs.

Langlev Memovial Aervonautical Laboratory
National Ad-risory Commlttee for Aeronsutics
Langley Field, Va., September 7, 194l
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TABLE I.- TESTS AND FIOURES

provoxioate | vartation from
dynsmis ol x. 2 or | 8,
Mgure Presentatiem Plot standard model . Remarks
pressure Kpercent) Kpereent)|(dag)|(deg)
(1b/eq £%) senfigurstion
10 Flap positiening f::, 8 Q, 50 Yans=brasket 100 100 55 30 [Rollrflap not in its
Cn eowrs optimsm position
11 Summary of flap Clygy ¥* 50 tecmecdQ,mmmna 100 100 55 30 Do.
positioning s ‘1' €2
12, 8ve,
bar
12 Effect of pesitiem= |Cr, vs Cp 50 w fuselage 100 100 55 30 Jecccsrcecavemmcnemcni
ing roll-flap o Cu 1110t
13 Kffect of Neymelds |Cr, vs Cp,y Yary Yame=brasis ¢ 100 100 55 30 |Roll-flap mot in its
mmber &, Cn sovers optimum positiom
1 Effect of vamse eeedo,==n 50 wonee=l0,-mm=m 100 100 55 30 De.
bracket severs .
15 Effeot of winges w=elQ oo 50 Iu,-ruulm 100 100 5 30 De.
fusalage fillet 1llet 5
16 Effect of partisl [Cp vs & 50 Partial end Vary i AL Vary |[Roll-flap not in 1ts
and complete amd- L semplets end-~ Y i opu—.’ positien
plate seals . rlate seals . (r1g. 16(a))
17 Flap Charaoteristies Cr, vs cs, 50 weescccnyacee= | Vary Yary Yary 0 aranesanEep—————auma
e, Cn; Cy,
v8 Cne,
Cop CCp3
Cy, ve Cn,,
Oxg» Cor
18 cemevecd,emmvenve |=cedO,mm= 50 ———eeanayeneee 100 100 Vary [Vary |-cececcecbrcccaca-. -
19 f-e--- *+d0,e=m~eean [C], Vs @ 50 Osmplets end- 100 100 Vary {vary leoca.. comdocasmacnas
plate ssal amd
= fune 1
fillet
20 |emcwcaa d0,v=ecacee |0, v8 & 50 Oamplets end- 100 100 Yary |Vary |---cceccuppeccaa ———-
c: L] ch;. plate seal and "
c’t’ ccr flap spoller
-2 B PELEERY do,=se==c== [Cy; va a; 50 Cemplete end- 100 100 Yary |Vary |-cecce-arecececno-oa
CL w Chy, Jhu aeal,
c,r, Cce; ap spoiler,
CL v Chy,
Coar Coq
22 Summary of flap Cy, at 5C 100 100 Yary
characteristies =00 ]
vs 0.
and S.
23 Effeot of spoiler |Cy ws Cp, 50 Flap spoller 100 100 55 30 |ee=a- vesbwemanm— - -
@, Cu;
CL, va Cng,
Cxes Ocp
2l Effect of flap wedge| C1, vs Cp, 50 Flap -.dgo 100 100 55 30 |==m=e-ee- e -
a, Cn refracted amd
flap apoiler
25 Effectlve samber Cr, vs Cp, 50 meascccrenusan o 0 vYary |Vary |==--=--< mereenese -
changing feature o, Cm3 Cy,
8 Cheo
Cyups Cogd
Crw Chn,,
Crg» Gc.
26 50 v fuselage Yary Yary vary |vary |---ecccancarcnccacaaa
sharsoteristiss llet ,
27 Alr<brake Cy, va Cp, 50 Flap wedge Vary [} vary 0 |eecema cewmpeacancenn|
sharacterissies e, Cu} retractsd
CL v8 Chry
Ong» Ccp
28 ceamesasdp, ~cocncan wealQ, o= 50 [, 7 p—. Lo ] Yary [+
29 ewedo,m-= 50 60 ] wry | 0
30 PP, 7 S, Yary 100 [+] Yary ]
n wmedlO, oo ™ Vary [} Yary | <0
flap spoller
32 canldO,mm- ™ R, T 4o [} Yary [¢]
53 cosll,mmn o] emcncedo,emmee 60 [} Yary 0
30 eeedp,om- ™ ————ee 40, ~e=== 8o ° Yary [}
35 e~s0,en ™ wmee-ad0,mm==- 100 ¢ . |Vary o
36 ACum, B4, vary memaeedQ,==mvn | Vary ] Vary 0
ACp at
characteristiec CL, = 0
ve Op
37 Alr-brake Cy, vs Cp, Kt Plap we 100 ] vary | 0 Je-cemee- mmpeemc——een
characteristics a, Cm} retraoted, flap .
Cp, v Cne, spoiler and
Cg» cCg largs chord
Vane s

FATIONAL ADVISORY
OMMITTER FOR ARRDEAUTICS



g

e

Model

I2.325

%

QA0+

Sta 630

T T e I
f

e T T

Meon mg?ymm/a oord 32.35/ in.
Distonce of MAC From @ 26.7601n.
Wing area 27 40 s5q 1t
Flop chord azoc,
Foll-flop chord Qzse,

0 501520
Seokdn/

MATIONAL ADVSORY
COMMITTEE FOR AENORAUTICS

//9.30

125875 -

1

=

287

3/

fuselage rebronce ine

—

T TR

Lﬁ

froure 1 .- Three view orowmg of the Q30-scoke sermgpon modk! of the Douglas XTBZ2D-/ Arplone.

Wing reference e ./



S|

St LT I ¥

242
18 124
]
T ‘
' |
13.5
375 1099/ -
. Q |
56375 /lﬁm 8 | —me0—
— - - i -
— 5675 ZS_
D Center of rofation.
|
— 635 —™ 21.375
: |
|
NATIONAL ADVISORY
¢ support All dimensions in inches COAMITTEE FOR AERONAUTICS

|
Figure & .— Arrangemeant of the 0.30-scale XTBRD- lsem/span mode/ and _ |
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Figure 3.-

0.30-scale XTB2D-1 semispan model mounted in the
19-foot pressure tunnel.




(a) Partial end-plate seal, flap wedge, wing-fuselage fillet,

Figure 4.- Detail photographs of the 0.30-scale XTB2D-1
semispan model.
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(b) Vane-bracket covers.

Figure 4.- Concluded.
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Figure 7 —Vene and flop location for the 030-scale XTBZ D4 semispan model .
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